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PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 

Harald KLEINE-ALTEKAMP, et al. Attorney Docket Q60642 

Appln. No.: Not yet assigned Group Art Unit: Not yet assigned 

Filed: October 13, 2000 Examiner: Not yet assigned 

For: NETWORK ELEMENT WITH REDUNDANT SWITCHING MATRIX 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 
IN THE SPECIFICATION: 

Page 1, after the title, insert the heading -Background of the Invention--. 

line 3 (not including the title or paragraph spacing), delete as set forth in the 
preamble of claim 1" 
Page 2, after line 21, insert the heading —Summary of the Invention—. 

after line 30, insert the heading -Brief Description of the Drawings-. 
Page 3, lines 3-5, delete in their entirety and insert —room.—; 

after line 5, insert: 

—This object is attained by a network element for a digital communications 
network, comprising: a number of interface modules, a first, active switching matrix 
connected to the interface modules for switching paths between the interface modules, a 



PRELIMINARY AMENDMENT 
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second, redundant switching matrix also connected to the interface modules, and a 

controller for detecting a fault condition of the active switching matrix and for switching 

to the redundant switching matrix, which is then used as a new active switching matrix, 

wherein the interface modules are divided into two groups, and each of the two switching 

matrices is combined with a respective one of the groups of interface modules to form 

two separate units, which are interconnected by internal links, whereby the units can be 

installed in two separate rooms. 



after line 15, insert the heading —Detailed Description of the Invention—. 



IN THE CLAIMS: 



Claim 4, 



line 1, delete "or 3". 



IN THE ABSTRACT: 



After the heading, delete the title in its entirety. 



REMARKS 



Entry and consideration of this Amendment are respectfully requested. 
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SUGHRUE, MION, ZINN, 

MACPEAK & SEAS, PLLC 
2100 Pennsylvania Avenue, N.W. 
Washington, D.C. 20037-3213 




Telephone: (202) 293-7060 
Facsimile: (202)293-7860 



Date: October 13, 2000 
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Network Element with Redundant 
Switching Matrix 



This invention relates to a network element, 
particularly to a network element for a synchronous 
digital communications network such as SDH or SONET, as 
set forth in the preamble of claim 1. 

Such a network element is known from an article by R. 
Castelli et al, "Technologie der SDH-Netzelemente : die 
Hardware-Plattf orm" , Elektrisches Nachrichtenwesen 
4/1993, pp. 312-321. In Figures 9 and 10 of that 
article, a crossconnect for a digital communications 
network based on the Synchronous Digital Hierarchy 
(SDH) standard is shown. It has a number of interface 
modules and two switching matrices. Each of the 
switching matrices is connected to each of the 
interface modules and serves to switch paths between 
the interface modules. One of the switching matrices is 
always available as an active switching matrix, and the 
other is available as a standby matrix in the event of 
a failure. A controller detects a fault condition of 
the active switching matrix and switches to the standby 
matrix, which is then used as a new active switching 
matrix. Thus, the crossconnect uses 1:1 redundancy, 
which protects against hardware errors in the switching 
matrix, the core element of the crossconnect. For the 
interface modules, 1:N redundancy may additionally be 
provided, so that an individual standby module is 
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available for a number N of interface modules to 
perform the function of a failed module. 

It may happen, however, that as a result of fire, an 
explosion, or a flood disaster, all equipment in a room 
is destroyed and thus fails. The redundancy used in 
prior-art network elements cannot protect against such 
a disaster, because all modules of the network element 
are affected by the disaster at the same time. 

To protect against such a disaster, it is known to 
install two like network element in two separate rooms 
and connect them with one another. If one network 
element fails, at least part of the traffic, e.g., 
prioritized traffic such as emergency numbers, can 
still be handled by the second network element. Such a 
structure is shown in Fig. 1. Its disadvantages are the 
high capital expenditure for two complete pieces of 
equipment and the size of the switching matrices that 
are required to ensure that even with protection 
mechanisms such as MSP (Multiplexer Section Protection) 
and SNCP (Subnetwork Connection Protection) , the 
network elements are 100% nonblocking. 

It is an object of the invention to provide a network 
element which requires less hardware and can be 
implemented at lower cost than conventional network 
elements and still provides at least partial protection 
against disasters such as fire, explosion, or 
inundation which destroy all equipment installed in a 
room. This object is attained by the features of claim 
1. Further advantageous aspects of the invention are 
apparent from the dependent claims. 

The invention will become more apparent by reference to 
the following description of an embodiment taken in 
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conjunction with Figs. 2 to 5 of the accompanying 
drawings . In the drawings : 

Fig. 1 shows a prior-art protection mechanism with 

two spatially separated, interconnected 

network elements; 
Fig. 2 shows a network element according to the 

invention, which is installed in two separate 

rooms ; 

Fig. 3 shows the network element of Fig. 2 in the 

presence of fire in the first room; 
Fig. 4 shows the network element of Fig. 2 in the 

presence of fire in the second room; and 
Fig. 5 shows the network element of Fig. 2 on the 

occurrence of an explosion in the area of the 

internal cabling. 



A basic idea of the invention is to install the two 
switching matrices, which are present anyhow, in two 
separate rooms, i.e., to divide a single network 
element between two rooms. To do this, the interface 
modules are divided into two groups, and each of the 
groups is assigned to a respective one of the switching 
matrices. A respective one of the switching matrices 
and a respective one of the groups of interface modules 
are arranged in, e.g., a cabinet or rack so as to form 
a unit, and the units are interconnected by simple 
internal links in such a way that both switching 
matrices are connected to all interface modules. 

Such a network element according to the invention is 
illustrated in Fig. 2. It is a digital crossconnect for 
a synchronous digital communications network, which is 
designed to switch fixed paths for data transmissions 
within the network. The core element of the 
crossconnect is a switching matrix 21, 22, in which the 
connections between interface modules 23, 24 are 
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switched. For reasons of redundancy, the crossconnect 
has two such switching matrices, designated 21 ("Copy 
A") and 22 ("Copy B" ). During normal operation, i.e., 
with no hardware fault present, Copy A, 21, operates as 
an active switching matrix, and Copy B, 22, is 
available as a standby matrix in the event of a 
failure . 

In the embodiment, the crossconnect has eight optical 
interface modules 23, 24 for the connection of optical 
fibers of the communications network. Each of the 
interface modules is connected to both switching 
matrices 21, 22. At the interface modules, 
communications signals are received from and 
transmitted into the communications network. These are 
time-division multiplex signals of the STM-N type 
(Synchronous Transport Module, N=l, 4, 8, 16, 64), 
which contain user signals to be switched. The user 
signals are packed in containers in accordance with a 
multiplex hierarchy. To switch a path in the network, 
individual one of these containers are switched by the 
switching matrix from a receiving interface module to a 
transmitting interface module, where the containers are 
reassembled into a transport frame and transmitted. In 
the interface modules, the received communications 
signals are converted to electrical form and 
demultiplexed, and the containers of the signals are 
passed to both switching matrices. 

According to the invention, the interface modules are 
divided into two groups. The first group comprises the 
four interface modules 23, shown in Fig. 2 at the left, 
and the second group comprises the four interface 
modules 24, shown in Fig. 2 at the right. The first 
group 23 and the first, active switching matrix 21 are 
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arranged in a first rack so as to form a first unit, 
and are installed in a first room 31 
(room #1) • The second group 24 and the second, 
redundant switching matrix 22 are arranged in a second 
rack so as to form a second unit, and are installed in 
a second room 3 2 (room #3) . The two units are 
interconnected by a plurality of internal links 34. The 
internal links 34 are simple, short-range optical links 
that are designed for a maximum fiber length of about 
200 meters. Such simple and low-cost optical links are 
known per se and have many uses, e.g., in LANs to 
interconnect computers or in interrack communication. 
They differ from the links at network level in that no 
single-mode lasers and fibers are required, and that 
because of the short link length (max. 2 00m) , no 
dispersion compensation is necessary. Alternatively, 
electric links can be employed. The internal links 34 
run through a third room 33 (room #2) . 

The crossconnect is controlled by a first controller 25 
in a manner known per se. The controller is connected 
to a local control terminal 3 0 in order to be able to 
install, maintain, and upgrade the crossconnect in 
situ. In addition, controller 25 is connected to the 
network management system of the communications network 
and receives over this connection instructions relating 
to the paths to be switched. The controller controls 
the active switching matrix and specifies the paths to 
be switched by the matrix. Alarms and fault messages 
are signaled by the interface modules and the active 
switching matrix to the controller. The latter also 
serves to detect error conditions caused, for example, 
by a hardware failure, and to switch to a standby 
module in the event of a failure. Since 1:1 redundancy 
is provided for the switching matrices, in the event of 
a hardware failure in the active switching matrix 21, 
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controller 25 will switch to the second, redundant 
switching matrix 22, which then performs the function 
of a new, active switching matrix, and will deactivate 
the hitherto active matrix. 

The controller has a hard disk or a similar mass 
storage, on which configuration parameters of the 
crossconnect are stored in the form of a database, and 
on which alarms and messages of the individual 
components of the crossconnect are stored and can be 
retrieved by the higher-level management system. 

In an advantageous development of the invention, two 
separate controllers 25, 26 are provided, each of which 
is spatially associated with, and installed in the same 
room as, a respective one of the units. During 
operation, the first controller 2 5 operates as an 
active controller and the second controller 26 is 
available as a standby controller in the event of a 
failure. Controllers 25, 2 6 are connected with one 
another. Advantageously, the second controller 26, too, 
has a connection to the higher-level network management 
system of the communication network. 

The crossconnect also has a clock supply 27, which 
supplies it with an internal reference clock. The clock 
supply is synchronized either to an external 
2 -MHz reference clock or to a clock signal derived from 
one of the communications signals received at the 
interface modules. Advantageously, the crossconnect has 
a second, redundant clock supply 2 8 as a standby unit, 
with each of the clock supplies 27, 28 being spatially 
associated with a respective one of the units. A clock 
distributor 29 ensures that both clock supplies are 
synchronized to the same external reference clock. In 
the event of a failure of the external reference clock 
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source, the two clock supplies can also operate in a 
free, unsynchronized mode { "holdover mode") . 

The redundant components of the crossconnect , i.e., the 
second switching matrix 22, the second clock supply 28, 
and the second controller 26, are also functional 
during normal operation and perform the same functions 
as their active counterparts. Thus, the standby 
components also work during normal operation. Only 
their output signals are not selected, but ignored by 
the active components during normal operation. This 
ensures that in the event of a failure, it is only 
necessary to switch to the output signals of the 
standby components, which is done by selecting the 
latter as active components by the other components. 

The following describes how a disaster, such as a fire, 
an explosion, or a flood, which causes all equipment 
installed in one room to fail affects the operation of 
the crossconnect. 

Fig. 3 shows that a fire is destroying all equipment in 
the first room 31. As a result of the fire, all traffic 
of the first room, i.e., all communications signals 
that arrive or are transmitted in the first room, is 
lost. The effect on the traffic of the second room 32 
and on the controllability of the crossconnect is as 
follows : 

- The interface modules that had originally selected 
data transmissions from the first switching matrix 21 
now select the second switching matrix 22. This 
causes a short interruption ("traffic hit") due to 
the switchover . 

- If the first clock supply 27 operated as a master, 
i.e., as an active clock supply, the second clock 
supply 28 will assume the master role. In the 



8 



configuration shown in Fig. 2, all reference clocks 
used for synchronization were derived from interface 
modules 23 in the first room. Therefore, the second 
clock supply, as the new active clock supply, changes 
to the holdover mode. To avoid this, it is 
advantageous to always select interface modules from 
both groups as possible clock sources. 

- All subcircuits ("boards") of the crossconnect that 
had originally selected Copy A of the matrix as the 
active matrix now select Copy B. As mentioned above, 
this causes a short "traffic hit". 

- The status of the second controller 2 6 remains as it 
is ("standby"). All alarms and messages are still 
being stored on the hard disk of the second 
controller 26. 

- As the local control terminal is no longer usable, a 
new control terminal must be connected to the second 
controller to regain control over the crossconnect. 
The same applies for the connection to the higher- 
level network management system. If the first 
controller 25 was active before the fire, the second 
controller 26 must now be set to the active status 
before access to the crossconnect is possible. The 
activities in the control system do not affect the 
data transmissions, however. 

From the explanations it is apparent that the 
crossconnect, as least as far as the traffic arriving 
and transmitted in the second room is concerned, is 
fully operational. Via the central network management 
system, the traffic in the network can be rerouted so 
that at least prioritized traffic is unaffected by the 
fire. 

Fig. 4 illustrates that a fire in the second room 32 is 
destroying all equipment installed in this room. Since 
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the crossconnect components installed in the first room 
were already active, no switchover need be effected. If 
the crossconnect components had selected the second 
switching matrix as the active matrix or the second 
clock supply before the fire, they will now switch to 
the respective counterparts. This may cause a short 
interruption ("traffic hit"), as in the case of Fig. 3. 
The status of the controller remains as it was before 
the fire (here: "active"). Alarms and messages are 
still being stored on the hard disk of the first 
controller. The crossconnect can continue to be 
controlled via control terminal 30. 

Fig. 5 illustrates that an explosion is destroying the 
internal cabling between the two units of the 
crossconnect. As a result of the explosion, the traffic 
that is received in the first room and transmitted in 
the second room is lost. The effects on 

the remaining traffic and on the controllability of the 
crossconnect are as follows: 

- Interface modules 23 of the first unit that had 
selected the second switching matrix 22 switch to the 
first switching matrix 21. This results in a short 
interruption for data transmissions via these 
interface modules . 

- If the second clock supply 28 was the master clock 
supply for the first unit in the first room, 
switchover to the first clock supply 27 will be 
effected. 

- The status of the first controller 25 remains for the 
time being as it was . Alarms and messages of the 
first unit are still being stored on the hard disk of 
the first controller 25. If the second controller was 
the active one, the status of the first must be 
switched to "active" before access to the first unit 
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of the crossconnect is possible. The first unit can 
then be controlled via the control terminal. 

- Interface modules 24 of the second unit that had 
selected the first switching matrix 21 switch to the 
second switching matrix 22 . This results in a short 
interruption for data transmissions via these 
interface modules. 

- If the first clock supply 27 was the master clock 
supply for the second unit in the second room, 
switchover to the second clock supply 2 8 will be 
effected. 

- The status of the second controller 2 6 remains for 
the time being as it was. Alarms and messages of the 
second unit are still being stored on the hard disk 
of the second controller 26. To be able to access the 
second unit again, a new control terminal must be 
connected to the second controller or the connection 
to the first controller must be restored. To be able 
to access the second unit from the new control 
terminal, if the first controller was the active one, 
the status of the second will be switched to 
"active". The second unit can then be controlled via 
the new control terminal . 

Thus, despite the explosion, the functional performance 
of the crossconnect is largely preserved. Via the 
central network management system, prioritized traffic 
that can no longer be switched from the interface 
modules of the first unit to those of the second unit 
due to the explosion can then be rerouted. 

In this way, efficient protection is provided for the 
crossconnect, for which substantially fewer components 
are required than with two pieces of equipment of 
identical construction. A comparison with Fig. 1 
illustrates this. By this protective measure, a total 
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failure of the crossconnect in the event of a disaster 
is prevented. If all equipment in one room is 
destroyed, at least half of the network element will 
remain operational . 

For the sake of clarity, a crossconnect with only eight 
interface modules for STM-N signals was considered in 
the above embodiment. Crossconnects generally have a 
capacity of several hundred STM-1 equivalents, which, 
however, are switched through the matrix on the same 
principle . 

While the invention was described in reference to a 
digital crossconnect for an SDH system, it is to be 
understood that the invention is also applicable to 
other network elements, such as add/drop multiplexers, 
and in other networks, such as SONET. 
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Patent Claims 

1. A network element for a digital communications 
network, comprising 

- a number of interface modules (23, 24), 

- a first, active switching matrix (21) , connected to 
the interface modules (23, 24), for switching paths 
between the interface modules, 

- a second, redundant switching matrix (22), also 
connected to the interface modules (23, 24), and 

- a controller (25) for detecting a fault condition of 
the active switching matrix (21) and for switching to 
the redundant switching matrix (22), which is then 
used as a new active switching matrix, 

characterized in 

that the interface modules (23, 24) are divided into 
two groups, and that each of the two switching matrices 
(21, 22) is combined with a respective one of the 
groups of interface modules (23, 24) to form two 
separate units, which are interconnected by internal 
links (34) , whereby the units can be installed in two 
separate rooms (31, 32) . 
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2 . A network element as claimed in claim 1 wherein a 
respective one of the switching matrices and a 
respective one of the groups of interface modules are 
installed as a unit in a rack. 

3 . A network element as claimed in claim 1 wherein the 
interface modules (23, 24) are optical interface 
modules designed for the connection of optical fibers 
of a fiber-optic communications system. 

4. A network element as claimed in claim 1 or 3 wherein 
the internal links (34) are short-range optical links 
designed for a maximum fiber length of about 200 
meters . 

5. A network element as claimed in claim 1 wherein each 
of the two units is provided with its own clock supply, 
with one of the clock supplies at a time operating as 
an active clock supply and the other being available as 
a standby unit in the event of a failure. 

6. A network element as claimed in claim 1 which 
comprises a second, redundant controller (26) , wherein 
a respective one of the controllers (25, 26) is 
spatially associated with a respective one of the 
units, and wherein one of the controllers (25, 26) at a 
time operates as an active controller while the other 
is available as a standby unit in the event of a 
failure . 
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Abstract of the Disclosure 

Network Element with Redundant 
Switching Matrix 

Network elements such as digital crossconnects are 
provided with a 1:1 redundancy of, among other things, 
the switching matrix in order to maintain their 
functionality in the event of a hardware failure. 
Against disasters such as fires, explosions, or floods 
in which all equipment in a room is destroyed, the 
redundancy used in prior-art network elements can 
afford no protection. 

To remedy this, the two switching matrices (21, 22) , 
which are present anyhow, are installed in separate 
rooms (31, 32), i.e., a single network element is 
divided between two rooms. To this end, the interface 
modules {23, 24) are divided into two groups, and each 
of the groups is assigned to a respective one of the 
switching matrices. A respective one of the switching 
matrices and a respective one of the groups of 
interface modules are arranged in, e.g., a cabinet or 
rack so as to form a unit, and the units are 
interconnected by simple internal links (34) such that 
both switching matrices (21, 22) are connected to all 
interface modules (23, 24). 




N 



CN 



CD 
O 
C 

9? 

CD 









o 


o 
O 


ibuti 


O 


"55 




o 



CO 



O 
O 

en 





< 




CL 


O 


o 


O 



UL 



c 



c 



c 



c 



CO 

E 

is 



CO 



CM 
=tfc 

E 
o 
o 

cr 






cr 




o 


o 
o 


ibuti 


O 






Q 



34= 

E 
o 
o 

ce: 



S CD 
CM jj3 
CD 



c 


c 


c 


c 






"St 






CM 


CM 


CM 





o 

CD 
CNJ 

V 



± 



